Objectives. It is suggested that serious levels of fatigue are present in nearly half of patients with OA. However, it is unclear which dimensions of fatigue are involved, if fatigue is related to pain and physical function, and if fatigue is influenced by therapy. The aims of this study were to measure levels of different dimensions of fatigue before and after evidenced-based conservative treatment and to investigate the association between fatigue and pain and physical function in patients with knee or hip OA.
Introduction
In patients with chronic diseases, fatigue is often rated as one of the key factors leading to a decreased quality of life [1] . Regarding OA, a focus group study indicated that OA patients experience notable amounts of fatigue that has a substantial impact on their lives [2] . The few studies on fatigue in OA report marked levels of fatigue in nearly half of patients [36] . These findings are comparable with levels found in RA [4] .
Cross-sectional and some longitudinal data show that a large amount of variability exists in (the course of) fatigue in OA patients [4, 5] . Therefore, identifying variables associated with (change in) fatigue could be valuable. Gaining more insight into these factors could lead to more insight into the pathophysiology of fatigue in OA. Moreover, modifying these factors may lead to a reduction of fatigue experienced by OA patients. Up to now, several factors associated with fatigue in OA have been identified, such as older age, more pain, less physical activity, lower positive affect, depression and lower CRP in serum [4, 5, 7] . Of these factors, especially the influence of mental health (depression in particular) and other psychosocial factors on fatigue seems to be substantial [5, 6] . What is more, depression may be a factor on the causal pathway between physical function and fatigue [8] .
Studies concerning fatigue in OA published thus far have some limitations. First, included subjects were inadequately characterized, without use of widely accepted classification criteria [9, 10] . Second, no distinction between different dimensions of fatigue-like, for example, subjective fatigue, concentration, motivation and physical activity-was made. It could be hypothesized that increased levels of fatigue solely exist in particular dimensions and that each dimension has different determinants. Lastly, the aforementioned studies were mostly cross-sectional and non-interventional, thus limiting the possibility to draw conclusions about the direction of causality.
Fatigue severity in OA seems to be related with clinical and psychological factors; however, the precise causal pathway remains unclear. It could be conceived that increased fatigue in OA is mainly caused by increased pain and/or decreased physical function. This is supported by studies targeting fatigue in RA [11, 12] . Improvement in pain and daily functioning as recommended in treatment guidelines for knee and hip OA [1317] should-following this line of reasoning-lead to lower levels of fatigue, but this has not been studied yet.
The aims of this study were therefore (i) to investigate levels of different dimensions of fatigue in knee and hip OA; (ii) to assess changes in fatigue after evidence-based tailored conservative treatment targeting pain reduction and physical functioning; and (iii) to study the crosssectional and longitudinal relations between (change in) fatigue with (change in) pain and physical function in patients with knee or hip OA.
Patients and methods

Design
Levels of different dimensions of fatigue were measured in an observational cohort study before and after evidencebased tailored multimodal conservative treatment in knee and hip OA patients. Subsequently the cross-sectional and longitudinal relation (after 12 weeks of standardized treatment) between the fatigue dimensions and the supposed determinants of pain and physical function were studied. The local Medical Research Ethics Committee (MREC) of the Arnhem-Nijmegen (The Netherlands) region approved the Cohort of Non-invasively Treated Osteoarthritis of Lower extremities-Pain, Function and Radiological Outcome (CONTROL-PRO) study (local study number 2009/095). Moreover, all procedures followed were in accordance with the Helsinki Declaration. All participants gave their written informed consent.
Patients
All patients referred to the specialized knee and hip OA outpatient clinic (knie en heup artrose poli) at the Department of Rheumatology of the Sint Maartenskliniek and participating in the CONTROL-PRO study were considered for inclusion in this study. The main objective of the CONTROL-PRO study is to investigate the disease course of patients with moderately advanced (secondary care) knee and hip OA receiving standardized noninvasive multimodal treatment.
For participation in CONTROL-PRO, patients had to fulfil the clinical ACR criteria for knee and/or hip OA [9, 10] . For knee OA, the following criteria were used: knee pain (>15 days of last month) plus at least three of the following: age >50 years, morning stiffness <30 min, crepitus, bony tenderness, bony enlargement and no palpable warmth. For hip OA, the following criteria were used: hip pain (>15 days of last month) plus internal rotation of the hip <15
and ESR 4 45 mm/h or hip pain (>15 days of last month) plus internal rotation of the hip 515 and painful internal rotation of the hip and morning stiffness 460 min and age >50 years.
Exclusion criteria were inflammatory rheumatic diseases or deposition diseases possibly leading to inflammatory arthritis or secondary OA, comorbidity exceeding the complaints of limitations of knee or hip OA, cognitive or sensomotor problems interfering with the use of questionnaires and planned orthopaedic procedures within the next 12 weeks. Allowed were calcium pyrophosphate deposition disease (CPDD) (excluding the phenotypes pseudogout and polyarthritis) and previous meniscus problems.
Standardized conservative treatment
Patients who were treated at the knee and hip OA outpatient clinic received standardized evidence-based tailored conservative treatment in a stepped-care format as usual care for 12 weeks if they experienced knee and/or hip pain on a numeric rating scale (NRS, 010) >4. The stepped-care model was based on a Dutch multidisciplinary guideline (published online) for diagnosis and treatment of knee and hip OA and has been proposed by a consensus panel of leading experts in the field of OA in The Netherlands [18, 19] .
The goal of the intervention was to reduce the level of pain on the NRS to 44. The study visits were planned at Weeks 0 and 12 at the outpatient clinic and at Weeks 4 and 8 by telephone and managed by a research physician (G.F.S.), a physician assistant or a nurse practitioner (M.A.A.-S.). When NRS pain remained >4 and patients had adequately taken the prescribed medication for at least 2 weeks, treatment options outlined in the next step of the stepped-care model were offered.
The first step of the treatment protocol consisted of education, lifestyle advice concerning physical activity and weight loss in patients with a BMI of 528 (goal 5% weight loss in 12 weeks), referral for physical therapy (prescription for both aerobic and strengthening exercises www.rheumatology.oxfordjournals.org according to the graded activity principle [20] ), and treatment with paracetamol (acetaminophen) in a fixed dose of 1000 mg three times a day (in case of no recent use for knee and/or hip complaints). In the second step, if necessary, and no earlier than after 4 weeks, a NSAID was added. Our preferential order being naprosyn 500 mg twice a day, followed by substitution of meloxicam 15 mg once a day or ibuprofen 600 mg three times a day at Week 8 when necessary (Step 3).
Step 4 includes substitution of the NSAID for tramadol (50 mg three times a day). For patients with an NRS pain 44 at baseline, all modalities of the protocol were offered, but no new analgesics were prescribed.
Measurement instruments
Fatigue
Fatigue was assessed by the Checklist Individual Strength (CIS) [21] . This 20-item patient-assessed questionnaire consists of four subscales: (i) fatigue severity (CIS fatigue, eight items, range 856, for example, 'I feel tired'); (ii) reduction in concentration (CIS concentration, five items, range 535, for example, 'My thoughts easily wander'); (iii) reduction in motivation (CIS motivation, four items, range 428, for example, 'I feel no desire to do anything'); and (iv) reduction in physical activity (CIS activity, three items, range 321, for example, 'I don't do much during the day'). Each item is scored on a 7-point Likert scale. Furthermore, CIS fatigue was divided into three classes: (i) normal experience of fatigue (normal fatigue; score <27) (mean score for healthy controls plus one S.D. [22] ); (ii) moderate experience of fatigue (moderate fatigue; score 2734); and (iii) severe experience of fatigue (severe fatigue; score 535) (scores comparable with fatigue as experienced by patients with chronic fatigue syndrome) [21] . The CIS has proven to be a reliable and valid instrument in various conditions [2224] .
Pain, patient global assessment, stiffness and physical functioning
To measure pain, stiffness and daily functioning, the Likert scale version of the knee/hip injury and OA outcome score (KOOS/HOOS) questionnaire was used. KOOS/HOOS questionnaires include the Western Ontario McMaster Universities OA index (WOMAC) in its complete and original format (with permission, http://www.koos.nu). WOMAC pain, stiffness and function subscales were calculated (0100, where 0 equals no symptoms). In addition, patient global assessment (PGA) of OA severity was measured using an NRS (010).
Radiographs
Bilateral (posterioranterior, fixed flexion and lateral) knee and pelvic radiographs were performed in all participants [25] . The joint with the most complaints at baseline was graded according to the KellgrenLawrence grading scale (K&L score) [26] . All radiographs were read by an experienced rheumatologist and/or a trained research physician (G.F.S.).
Data collection and management
Demographics, radiographs, and data on previously used treatment modalities concerning knee and/or hip OA and data on symptoms were obtained in all patients. Questionnaires were collected at baseline and after 12 weeks.
Statistics
Statistical analyses were performed using STATA/IC 10.1 for Windows. In patients with incomplete baseline or follow-up data, multiple imputations were performed using regression modelling to replace missing values. Descriptive statistics were provided. Levels of fatigue before and after 12 weeks of treatment were compared using a 2 -test (for nominal variables), a paired t-test or Wilcoxon's signed-rank test (for continuous variables, depending on distribution). The subscale CIS fatigue was divided into three classes as mentioned previously. Effect sizes (ESs) were, when applicable, calculated using the following formula: difference between mean before and mean after the intervention divided by the S.D. of the variable.
Although pain and physical function were relatively highly correlated (r = 0.83), the variance inflation factor (VIF) indicated no problematic multicollinearity (VIF = 3.2).
Association models were built with one of the fatigue dimensions as the dependent variable and both pain (WOMAC pain) and physical function (WOMAC function) as central determinants. Regarded as potential confounders were age, gender, BMI, index joint (knee or hip), duration of complaints, K&L score and past treatment. The variables were added to the model one by one to test for possible confounding (cutoff for relevant change in the regression coefficient () of daily functioning and pain was 510%). The same procedure was followed to study the association of change in fatigue after 12 weeks (dependent variable) with change in pain and daily functioning as central determinants. All models were checked for heteroscedasticity and non-normality of residuals using visual inspection of residual plots.
Results
Between April 2008 and February 2010, 292 knee and/or hip OA patients fulfilled inclusion criteria, of which 231 had sufficient follow-up data ( Table 1 ). The main reason for insufficient data was loss of follow-up. No clinically relevant baseline differences were found between patients with and without sufficient follow-up data.
Data regarding CIS subscales are depicted in Table 2 . Patients with knee and/or hip OA in our study experienced significantly more fatigue in two dimensions (CIS fatigue and CIS activity) compared with data on healthy controls from the literature (31.8 vs 17.3 and 12.1 vs 6.6, respectively) [24, 27] . A total of 28 of 231 participants (12%) received only non-pharmacological treatment during the 12-week treatment period, whereas all other individuals had at least one additional pharmacological intervention.
At the group level, there was a small (significant) decrease in CIS fatigue and CIS activity after 12 weeks of evidence-based tailored conservative treatment. At baseline, 109 patients (47%) met the criteria for severe fatigue (i.e. CIS fatigue 535), and this decreased to 85 patients (37%) after 12 weeks. After 12 weeks of evidence-based tailored conservative treatment improvements in NRS pain [from 5.9 to 4.9, P < 0.001, effect size (ES) = 0.48], WOMAC pain (from 53 to 47, P < 0.001, ES = 0.27) and physical function (from 54 to 47, P < 0.001, ES = 0.31) were found.
In the cross-sectional model (Table 3) , physical function was independently associated with CIS fatigue at baseline. Pain was not independently associated with CIS fatigue. Physical function was also independently associated with CIS activity at baseline. For the crosssectional model, no confounders were identified.
In the longitudinal model (Table 4) , change in CIS fatigue after 12 weeks of conservative treatment was not associated with baseline physical function and pain levels. However, change in CIS fatigue was independently associated with improvement of physical function. No confounders could be identified for this relation. Change in CIS fatigue was not associated with improvement of pain. Change in CIS activity after 12 weeks of conservative treatment was not associated with baseline physical function and pain levels. However, change in CIS activity was independently associated with improvement of pain and physical function. No confounders could be identified for this relation.
Discussion
The results of the current study show that levels of fatigue severity, and to a lesser extent physical fatigue, are high in patients with well-characterized knee and hip OA, with nearly half of the patients experiencing severe fatigue. Evidence-based tailored conservative treatment resulted in a small decrease in experienced fatigue. Reduction of fatigue severity was found to be related to physical function, whereas reduction of physical fatigue seemed to be related to the level of physical function and pain. To our Bold indicates an independent association with CIS fatigue/ activity.
www.rheumatology.oxfordjournals.org knowledge, this is the first study to evaluate the impact of recommended medical treatment on different dimensions of fatigue in symptomatic OA. Our study confirms that fatigue, and even severe fatigue, is highly prevalent among patients with knee and/or hip OA. This is not only true for fatigue severity, but also for physical fatigue. Motivational fatigue and concentration, however, are not affected. Of note, direct comparison of CIS subscale levels in the present study and levels in healthy controls is difficult, since the latter consisted of 53 healthy individuals (mean age 31.1 years, S.D. 11.5) matched with patients with chronic fatigue syndrome and multiple sclerosis [24] . However, also by indirect comparison, it can be assumed that OA patients experience more fatigue (measured with the CIS) than healthy persons, as levels of CIS fatigue in our OA cohort are quite similar with levels in RA patients, and RA patients are known to have increased fatigue levels.
The findings in our study are in line with the sparse existing data on fatigue in OA [2, 4, 5] and underscore that fatigue is indeed an important issue in patients with OA. Measured levels of fatigue are comparable with levels seen in inflammatory rheumatic diseases such as RA [35, 11, 12, 28] and AS [29] and somewhat higher than observed in PsA [30] .
It should be noted that no control group was used, therefore bias by, for example, regression to the mean or placebo effect cannot be ruled out. To our knowledge only one other longitudinal study that assessed fatigue after standardized treatment in OA has been published. This randomized controlled trial assessed the effect of a self-management programme in knee OA patients and found no significant decrease in fatigue and physical function after 12 months, whereas pain decreased significantly [31] . This is in line with the results from the present study indicating that fatigue severity is related to improvement of physical function and not to pain.
Regarding the underlying mechanism of fatigue in OA, our data suggest that fatigue severity is partly determined by physical function, whereas physical fatigue is determined by both physical function and pain. These associations were found in both our cross-sectional as well as our longitudinal analyses. As our standardized treatment included interventions explicitly targeting pain and physical function, including lifestyle advice, physical therapy and analgesics, we may conclude that the direction of causality is that a decrease in physical function induces more severe fatigue and a decrease in pain, in addition increasing in physical function, improves physical fatigue. The finding that different dimensions of fatigue in rheumatic diseases have different determinants has not yet been demonstrated. A recently published prospective cohort study indicated that fatigue is determined by physical function [8] , which is in concordance with our study.
In this study, no confounders were identified. However, fatigue certainly depends on other non-measured variables (e.g. psychosocial factors), as indicated by the low to moderate explained variance that was found. Furthermore, the present study was primarily set up to investigate the relation between fatigue and physical function and between fatigue and pain, because these are the main domains targeted in conservative treatment of OA.
The study cohort that was used-symptomatic knee and hip OA in secondary care-is comparable with other cohorts, consisting mainly of obese women with knee OA [32, 33] . However, the level of pain and BMI were higher and patients were younger, possibly reflecting selection of a cohort with relatively high levels of complaints. However, this should not have lead to biased inferences.
Future research should be directed to answer several important remaining questions. Although the decreases in levels of fatigue after evidence-based tailored conservative treatment are only modest, it is possible that the maximum effect of the intervention is not yet reached after 12 weeks. Another explanation for the fact that only a moderate effect on fatigue was found could be that individuals with high levels of experienced fatigue are probably unwilling to attend physical therapy or change their lifestyle. Besides, it could be presumed that a more intensive multidisciplinary approach to improve function and pain will result in a more substantial decrease in fatigue levels. Furthermore, given the relatively low ES found, an approach especially targeted to reduce fatigue will have much greater effects. To realize this, more insight is required into the underlying mechanisms regarding fatigue in OA, with, for example, depression and sleep disturbances [34] being potential causal factors. Targeting these domains could potentially reduce fatigue levels in OA.
In summary, high levels of fatigue are very common in knee and hip OA and are associated with physical function and pain. Evidence-based tailored conservative treatment targeted at improvement of physical function and pain also leads to a small reduction in fatigue levels, with a change in fatigue severity being related to physical function and a change in physical fatigue being related to pain and physical function. Bold indicates an independent association with CIS fatigue/ activity.
Rheumatology key messages
. Important levels of fatigue are common in knee and hip OA. . Treatment targeted to improve physical function and pain results in small reductions of fatigue levels. . Levels of affected fatigue dimensions are related to changes in physical function and pain.
